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EXPERIMENTAL  INVES11GA1 1C N CF  AEBOCJKAAIC  CIA  RACTKRISTICS  CF  ELASTIC 
ECEELS  IN  SUPERSONIC  HIKE  TUNNEL 

V.  5fa>  3elyayew,  L.  G.  lotieshvili,  K.  N»  lyunin,  M.  V.  Ushakov 

Kith  the  duvent  of  supersonic  airplanes  with  thin  wings  of  snail 
aspect  ratio  and  relatively  high  flexibility  there  has  been  growing 
interest  in  the  effect  of  elastic  deformations  cf  the  structure  on 
tic  characteristics  of  stability  apd  cc ntr c 1 lal i lit y. 

Along  with  develcpient  cf  theoretical  xetbcds  of  calculating  and 
ccqduating  flight  tests,  there  is  also  a great  ceal  of  interest  in 
methods  of  determining  the  aerodynamic  characteristics  of  an  aircraft 
by  conducting  experimental  studies  co  an  elastic  model  of  it  in  a 
wind  tunnel. 

7.  Modeling  conditions.  The  greatest  difficulty  in  conducting 
similarity  experiments  is  ereountered  in  satisfying  the  conditions  cf 
similarity,  since,  in  addition  tc  acrcdynamc  similarity,  there  must 
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also  fee  similarity  with  respect  to  the  mass  arc  elastic 
characteristics.  Similarity  with  respect  tc  the  elastic 
characteristics  presumes  equality  between  tie  rctaalized  functions  cf 
tbe  effect  fer  nature  and  the  ccdel  and  the  satisfaction  of  certain 
conditions  for  characteristic  values  of  the  furctions  cf  the  effect. 

If  we  assume  that  the  functions  cf  the  sleet  effect,  which 
describe  the  change  in  the  local  argle  cf  attack,  have  decisive 
influence,  then  the  last  condition  is  reduced  tc  satisfaction  cf  the 
eguality  £ 1 ]: 


cV^cV-fc-jr,  (i) 

there  C°*?  is  the  characteristic  value  cf  tie  function  of  the  effect, 
g - the  dygasic  head,  p - gecnetric  scale  cf  the  model,  subscripts 
"A"  and  ”11*'  refer  to  the  nodel  and  tc  .reality,  respectively. 

further  simplification  in  the  prctlea  ct  icdeling  for  a wing  of 
saall  aspect  ratio  is  achieved  ty  replacing  it  with  a bean  of 
variable  rigidity  gver  tie  chord,  while  rigidity  over  the  span  is 
assumed  to  be  infinitely  great  £2]. 

In  this  case  the  conditions  of  similarity  ere  reduced  tc  an 
identical  distribution  cf  penalized  rigidity  ever  the  chord  and 
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satisfaction  of  the  last  eguality  fee  characteristic  rigidity  values 
fpc  the  model  and  reality 

(EJ)M  = (Ey)H  jv\  (2) 

where  E. 7 is  the  flexural  rigidity  of  the  team-  Since  the  main 
purpose  of  the  study  was  tc  aaster  an  eiperimertal  technique  fer 
supersonic  wind  tunnels  aid  a techrclogy  for  pieparing  elastic 
xcdels,  the  conditions  of  similarity  were  satisfied  cnly 
approximately.  However,  for  furthex  refiqesent  cf  the  elastic 
characteristics  of  the  models  and  tc  use  the  calculation  method,  such 
effect  functions  as  were  aeasured. 

2,  Structure  of  studied  models  and  method  ci  determining  function  of 
effect. 

Figure  1 depicts  a model  consisting  of  fuselage  1 with  fairing  3 
and  wpog  2.  To  prepare  ncnigid  fuselage  (1)  a thin-walled  tube  26  mm 
in  dihsetei  with  a wall  thickness  cf  C.5  mi  was  used.  The  front 
portion  of  the  tube  has  interior  conical  opcnicc  4 for  attachment  tc 
internal  balances.  Threaded  openings  8 serve  as  a point  cf  attachment 
fer  wing  2 and  fuselage  1.  Vertical  grooves  divide  the  tube  into 
rings,  whose  lower  porticr.  is  soldered  to  plate  7,  which  functions  as 
the  main  elastic  element  cf  the  fusclace.  Struts  6 are  attached  to 
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the  tings  of  fuselage  1 by  clue  BF-2  and  fill  tie  lateral  gaps. 

The  frame  of  the  fuselage  thus  prepared  is  covered  inside  and 
cut  with  a layer  of  compound  SKH  5 feraiqg  a sicoth  elastic  skin 
which  maintains  is  properties  virtually  unchanged  within  a 
temperature  range  of  frem  -2C°  to  <1CC°C,  utile  supporting  the  lead 
cf  the  inside-outside  pressure  difference  it  a supersonic  flew.  The 
combination  of  fuselage  1 and  wing  2,  made  cf  textolite  with  E = 1C5 
kg/c**,  shewn  in  Fig.  1,  will  henceforth  be  celled  "Model  2".  "Mcdel 
1"  differs  structurally  fro  "Model  2",  siijce  it  has  a rigid  fuselage 
ard  wing  of  polystyrol  with  E - 0.3OG*  fcg/cs2.  The  rigid  model  is 
used  as  the  base  and  consists  of  a rigid  fuselece  and  rigid  wirg. 


Models  1 and  2 were  used  to  determine  the  functions  of  the 
effect.  These  were  determined  cn  the  special  stand  shown  in  Fig.  2, 
which  consists  of  base  1 with  studied  model  3 attached  to  the 
pedestal.  A grid  of  mutually  perpendicular  lines  with  a pitch  of  20 
■ m,  whese  intersection  determines  the  rumter  cl  points  (34-35)  has 
bean  applied  to  the  wings,  iheir  numbering  system  is  given  in  Fig.  3. 


Mirror  4 in  Fig.  2 is 
studied  model.  The.  beam  cf 
the  mirror,  reflected  from 
grid. 


attached  to  a selected  point  cn  the 
light  frem  light  scarce  5 is  directed  at 
it,  and  falls  or  screen  6 with  the  scale 
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lead- bearing  brackets  2 are  placed  at  ill  points  in  succession, 
including  the  studied  point.  The  local  angle  c f turn  in  the  wing  at 
tbe  given  point  is  determined  by  the  aagniti.de  c£  reference 
difference  in  the  beam  cn  the  screen,  obtained  with  and  without  the 
load.  In  the  measurements  the  lean  square  error  was  t6°/0  . The 
treasuring  results  for  ncdels  1 and  2 are  shews  in  Tables  1 and  2*, 
respectively. 

[FCC1HC1E  ».  See  appendix,  i KDf CCTACTE J. 

To  obtain  angular  shifts  it  is  sufficient  tc  multiply  the  reduced 
values  by  coefficient  *,  •Q00f'('Q  deg/f  or  iqinal  illegible], 

3.  Results  of  experimental  studies.  In  a supersonic  stream  the  models 
were  tested  at  angle  of  attack  of  C-3°  and  cumbers  M = 1.75-2.5  with 
a special  catch  mechanism,  whose  function  was  tc  restrain  the  model 
wicq  as  it  passed  through  the  tunnel  shcck  lave.  Without  the  catch 
mechanism  the  studied  models  would  net  have  withstood  the  starting 
loads  and  would  have  been  destroyed.  Obtained  as  a result  of  static 
tunnel  tests  were  the  values  Cg  (.<*)  and  X.&j,,  shewn  in  Fig.  4 for  H = 
2.  Analysis  of  the  obtained  results  shews  that  agreement  between  Cy 
and  the  value  for  the  rigid  model  is  characteristic  for  model  1. 
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There  is  a tendency  toward  a backward  shift  of  4-5°/o  for  the  focus. 
This  type  of  change  in  and  XF  is  explained  ty  the  two-pcint 

attachment  of  the  wing  to  tte  fuselage,  which  causes  a S-shaped 
deformation  cf  the  wing,  affecting  tte  moment  characteristics. 


Scr  model  2 there  is  a significant  drey  in  C3  (to  25°/o  as 
compared  to  the  rigid  model),  and  the  focus  meves  forward  Ly  4°/0. 
This  fact  is  explained  ty  the  different  type  cf  model  deformation, 
which  is  siiilar  tc  the  deformation  cf  a cantilever  beam  of  variable 
rigidity.  This  causes  a change  in  local  ancles  cf  attack  in  the  more 
loaded  tail  section  of  the  acdel.  Analogous  data  were  obtained  at  the 
remaining  M numbers  and  for  cthec  models. 


Calculated  from  the  knewn  values  of  the  functions  of  the  effect 
cf  the  model  were  its  aerodynamic  character istics.  It  was  assumed 
that  the  distribution  of  aeicdynamic  weight  ever  the  deformed  wing  is 
described  by  the  "piste*"  theory. 


In  this  case  the  problem  was  reduced  tc  solving  the  integral 
egaaticr 


fo  hftte 


v pfc  2)  ds 


P(£.t)=  [«***(?.})]. 
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n 
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The  solution  to  (3)  was  dcternined  t y the  netted  of  successive 
approximations.  The  results  of  calculations  ter  models  1 and  2 are 
represented  ty  a dot-dash  line  in  fig.  4.  Tie  experiment  and 
calculation  show  that: 

a)  for  the  studied  range  cf  problems  mcaelipg  ky  such  effect 
functions  as  C**  is  sufficient; 

b)  elastic  deformations  may  lead  tc  substantial  changes  in  the 
aerodynamic  characteristics  of  an  aircraft; 

c)  further  development  of  methods  for  studying  elastic  models  in  wind 
tunnels  is  recommended. 

Eifcliggraphy 

I 
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Fig-  4.  Key:  1)  rigid  ncdel.  2)  elastic  nodtl  I.  3)  elastic  model  II. 
4}  calctlatici). 
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